1 that since erasure is a logical function that does not have a single-valued inverse it must be associated with physical irreversibility and therefore require heat dissipation. It is widely accepted that quantum mechanics is our most accurate description of our world. Can Landauer's erasure principle be deduced by the quantum mechanics if we accept the completeness of quantum theory? It is possible! In microworld, information erasure is an irreversible physics process. The final state of environment is almost completely determined by the initial state of system. In general, a classical limitation of erasure one bit will give heat dissipation of order kBT in environment, corresponding with entropy of environment increasing, of order k ln 2.
Erasure is an inevitable operation in a classical computer. It will play an important role in the quantum computers since any resource is finite. As is well understood, erasure a single copy of classical information is an irreversible operation. Landauer argues 1 that computing machines inevitably involve devices which perform logical functions that do not have a single-valued inverse. This logical irreversibility is associated with physical irreversibility. He argues that a bit has one degree of freedom and the entropy reduced by k ln 2. The entropy of a closed system cannot decrease, hence this entropy must appear elsewhere as a heating effect, of order k B T .
In quantum theory, erasure of a single unknown state may be thought of as swapping it with some standard state and then dumping it into the environment 2 . In quantum mechanics, erasure an quantum state can be described, for an arbitrary state |ϕ > 3 ,
where ε is the erasure operator and |0 > is the standard state. If the state |ϕ > is known, then one can prepare it to a standard state by using a unitary operation. Consider a big number of qubits that have to be erased of a quantum memory in quantum computer. These qubits should be treated as in the unknown states. Suppose ε is unitary and the state is unknown. For two nonorthogonal states |ϕ 0 > and |ϕ 1 >, we have
Since unitary transformations preserve the inner products, it must be that
Because |ϕ 0 > and |ϕ 1 > are nonorthogonal, it can be assured that ε is nonunitary. The quantum mechanics postulate states that the evolution of a closed quantum system is described by a unitary transformation. Since ε is nonunitary, then an erasure process requires the system open. Without loss of generality, we assume that erasure process is to unitarily interact the state (|ϕ 0 > or |ϕ 1 >) with an ancilla (environment) |e > 4 , in the two cases one obtaining
Taking inner product gives that
Because |ϕ 0 > and |ϕ 1 > are arbitrary states, then the final states of environment is almost completely determined by the initial states of system. Since the erasure operation can be realized by using a uintarily operation U together with environment, it seems as if this erasure process is reversible. However, in a physical erasure process, real environment is a heat reservoir, which leads this erasure process to irreversibility. When environment is in the standard state |0 >, in fact, the erasure is a swap operation, which is an reversible process in quantum mechanics. Memory of an applied quantum computer should be large enough so that the memory will be coupled with the real environment. Since the quantum system is open, then there is energy exchange between system and environment. In microworld, the minimal energy exchange to perform a logical operation is of order hω 5 . We can reasonably assume that energy exchange between system and environment when erasure one qubit is at least of order hω. One classical bit has one degree of freedom. Using theorem of equipartition of energy, the minimal average energy exchange erasure one bit can be calculated
where ε 0 = hω. In classical world, we can accept that h → 0. The minimal average energy exchange when erasure one bit is of order
Since equation (7) states that the final states of environment is almost completely determined by the initial states of the system, chaos of environment increasing implies that erasure one bit associates with heat dissipation, of order k B T , in environment.
The initial state of a classical bit before erased can be represented as a completely mixed state
The initial entropy of this bit is
Since the final states of environment is almost completely determined by the initial state of system, so entropy of environment will increase at least k ln 2 after this erasure operation.
An erasure process is irreversible. We emphasize that all Landauer's erasure arguments can be obtained from quantum mechanics as the classical limitation of microworld. Erasure, appearing 'from chaos to order' of the system, is an energy exchange process, leading entropy increasing and heat dissipation in environment. Erasure, which gives a limitation in classical computer 1 , maybe plays an important role in quantum computation and quantum information field.
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